Objectives-To apply the three-dimensional (3D) hysterosalpingo-contrast sonography (HyCoSy) with perfluoropropane-albumin microspheres as contrast agents and normal saline injections into the pelvic cavity for assessment of the tubal patency and adhesions of fimbrial parts.
I
nfertility is a commonly encountered problem in gynecological clinics, affecting approximately 10 to 15% of couples worldwide. 1, 2 Although a variety of factors can contribute to infertility, tubal disorder is identified as a frequent cause of female infertility, accounting for approximately 20% of infertile women. 3, 4 Therefore, the evaluation of the fallopian tube is an important and mandatory step before assisted reproductive techniques are started. 5 Currently, several techniques can be available for examination of the fallopian tube, including laparoscopy with chromopertubation (lap and dye), x-ray hysterosalpingography (HSG), and hysterosalpingocontrast sonography (HyCoSy). 6 Although laparoscopy and HSG are traditionally regarded as the standard methods in diagnosing the tubal occlusion, they have several disadvantages. Laparoscopy is an expensive and invasive procedure requiring general anesthesia with a high risk (7.4%) of surgical complications and even mortality. 7 Hysterosalpingography involves the use of iodinated contrast media, increasing the risk of exposure to ionizing radiation and potential development of allergic reactions to the contrast media. 8 Hysterosalpingo-contrast sonography obviates ionizing radiation and invasive surgery, 9 but conventional two-dimensional (2D) HyCoSy cannot visualize the whole fallopian tube in a single scanning plane because of its tortuosity. Furthermore, it is difficult to distinguish the fallopian tube from the surrounding bowel according to the spillage of the positive contrast media from the fimbrial ends, because of the similar echogenicity. Thus, an experienced sonographer is also indispensable. 8, 10 Consequentially, the exploration of an accurate, safe, and well-tolerated method to assess the tubal patency is a hot issue in the radiodiagnostic field.
To solve the shortcomings of 2D HyCoSy, recent studies advocate combining HyCoSy with 3D ultrasonography. 11 Three-dimensional HyCoSy allows easy, multiplanar visualization of the entire fallopian tube via monitoring of the flow of the contrast media, and the color-coded 3D power Doppler imaging enables differentiation of contrast media in the tubes from those of blood flow or other signals in the pelvis. [12] [13] [14] [15] [16] In addition, it is reported that when much normal saline is instilled into the pelvis, the fallopian tubes could be separated from the bowel, which then provides clear images of the fimbrial ends under transvaginal ultrasound. 17 Thus, we recommend combining 3D HyCoSy with normal saline injected into the pelvic cavity to observe the tubal patency, morphology, and movement of the fimbriae and their peripelvic adhesions, which, to our knowledge, has not been reported. We hypothesize that a combination of these two methods may result in a clearer assessment of tubal patency and fimbrial adhesions by visualizing the spillage of contrast materials from the fimbriae and the morphology of finger-like projections of the fimbriae; therefore, it is of high clinical value in deciding therapeutic strategies for infertile patients.
Materials and Methods

Patients
This prospective study was performed for the primary or secondary infertility patients who planned to undergo timed intercourse or intrauterine insemination at the Department of Assisted Reproduction of the Ninth People's Hospital of Shanghai Jiaotong University School of Medicine, as a result of failure to achieve pregnancy for at least one year without any birth control between December 2013 and June 2014. Patients eligible for participation in the study had to meet the following criteria: The women had regular menstrual cycles with normal ovulation and their husbands' total sperm count was at least 10 million/mL with a motility of at least 35%. 18 Those women who had any systemic disease, active pelvic infection, follicle-stimulating hormone greater than 15 IU/L, number of follicles fewer than 5, severe endometriosis (stage III and IV), or their husbands had asthenospermia and oligospermia were excluded from this study. All women were scheduled to receive 3D HyCoSy with normal saline injected into the pelvic cavity for the assessment of the patency of fallopian tubes and adhesions of the fimbriae. This trial was conducted according to the Declaration of Helsinki for medical research, and local approval was obtained from the ethics committee and the institutional review board of the Ninth People's Hospital of Shanghai Jiaotong University School of Medicine on December 20, 2012 (IRB reference No. 2014106; trial registration No. ChiCTR-DOD-140 05675; http://www.chictr.org.cn/ showproj.aspx?proj5 10077). All participants provided informed consent after counseling for the procedures.
Equipment and Settings
All ultrasound examinations were performed using a Voluson E8 Expert ultrasound system (GE Healthcare, Zipf, Austria) equipped with an RIC5-9-D transvaginal volume probe (5-9 MHz frequency). Equipment settings for 2D contrast sonography were as follows: mechanical index, 0.7 (adjusted according to the power output); mode, coded pulse inversion with simultaneous color-coded imaging; angle, 1798; and sensitivity/ pulse repetition interval, 1.5. The 3D contrast sonography was performed using the following parameters: volume box angle, 1798; volume angle, 1208; and quality, high 1. The imaging analysis was performed with the GYN surface HD mode.
Examination Procedures
The examination was scheduled on days 8 to 10 of the menstrual cycle. To prevent tubal spasm, 13 all patients were intramuscularly injected with 0.5 mg of atropine 30 min before the procedure. After sterilizing the vagina, an 8F Foley catheter was inserted into the uterine cavity. The balloon of the catheter was instilled with 3 mL of 0.9% normal saline and withdrawn to ensure the obstruction of the internal orifice of the uterus of the cervical canal. Hydrotubation at 378C including 40 mL of normal saline, 160,000 units of gentamicin, 10 mg of dexamethasone and 5 mL of 2% lidocaine, was injected into the uterine cavity through the Foley catheter to visualize the shape of the uterine cavity and any other abnormalities on transvaginal ultrasound examination. After the solution flowed into the pelvic cavity, a 19-gauge single-lumen oocyte retrieval needle (Cook, Brisbane, Australia) was inserted via the vagina into the liquid area of the pelvic cavity under the guidance of transvaginal ultrasound and by making culdocentesis. Then, 1000 mL of 0.9% saline was pumped by a peristaltic pump to confirm the anatomic locations of fallopian tubes, fimbrial parts, and surrounding tissues after withdrawal of the needle. 17 Subsequently, 3D HyCoSy was performed by the commercial echogenic contrast agent that was prepared by a mixture of 0.5-mL perfluoropropane-albumin microsphere injection (Kangrun Pharmaceutical Co, Yueyang, China) with 10 mL of 0.9% saline solution, and was instilled into the uterine cavity through the Foley catheter. The speed of contrast media spilling from the fimbrial parts was observed and 3D imaging was performed concomitantly both during and at the end of the injection of contrast agents. The final step was to withdraw the solution from the balloon and take out the catheter. One hour after the procedure, the degree of movement and pelvic adhesions of fimbrial parts were examined by 3D transvaginal sonography (TVS). Patients were given oral doxycycline (100 mg) twice a day for 7 days after the examination.
Evaluation Criteria
The tubal patency and normal fimbria were evaluated by two experienced sonographic physicians by considering all of the following results after completion of the procedure (during and/or 1 h after the examination to exclude false-negative results): (1) The fallopian tubes were considered as patency, partial occlusion, or complete occlusion according to the flow of the contrast agents. 14, 19 In patients with tubal patency, there was no obvious interruption or hydrosalpinx formation during the forward flow of the contrast agents. Contrast agents could reach the fimbrial ends and into the uterine cavity. If the tubes were partially occluded, the contrast agents did not flow smoothly inside the tube and the flow of the contrast agents into the fimbrial ends and the uterine cavity was slower than that in patients with tubal patency. The completely occluded fallopian tube was characterized by a strong resistance when the contrast agent was injected, even backflow. No passage of the tube or spillage at the fimbrial ends was observed.
(2) The contrast between normal structure of the fimbriae and the adhesive structure could be shown by observing the distribution and number of finger-like projections. Usually, there were obvious, clear fingerlike projections for normal fimbriae, and few finger-like projections for adhesive fimbriae. (3) If there was an adhesive belt between the fimbriae and the pelvic cavity, the locations of the fimbriae, ovary, and surrounding organs were relatively fixed. Contrarily, the fimbriae could float in copious fluid if no obvious adhesive belts were visualized. Meanwhile, there was an obvious change in the locations of the fimbriae, ovary, and surrounding organs when the vaginal probe was moved. 17 
Results
From December 2013 to June 2014, we enrolled 62 patients in the study (Figure 1 ). Seven women were excluded because of cervicovaginal infection in 3 patients, hydrosalpinx detected at the time of preliminary TVS in 1 patient, and husbands being diagnosed with severe oligozoospermia or azoospermia in 3 patients. Thus, 55 patients, 30 with primary and 25 with secondary infertility, underwent 3D HyCoSy with normal saline injected into the pelvic cavity. The mean age and duration of infertility in the included women were 31.2 6 3.3 years (range 24-41) and 2.7 6 1.3 years (range 1-5). Characteristics are summarized in Table 1 .
Of the 55 patients, bilateral tubal patency was observed in 44 (80.0%), unilateral tubal patency and the other partial occlusion in 7 (12.7%), unilateral partial occlusion and the other complete occlusion in 3 (5.4%), and bilateral complete occlusion in 1 (1.8%) ( Table 2) . Furthermore, the morphology and pelvic adhesions of the fimbrial parts were observed in 3D images. As a result, the fimbrial parts were observed in 105 fallopian Figure 1 . Flow diagram of this study. IVF, in vitro fertilization; AIH, artificial insemination with husband's semen; TI, timed intercourse; P, pregnancy; M, miscarriage; B, biochemical pregnancy.
tubes, among which 101 were seen with the finger-like fimbriae floated and moved in the pelvic cavity ( Figure  2 ), whereas four tubes were not because of adhesion to the pelvic cavity (n 5 3) or the ovary and intestine (n 5 1) (Figure 3 ). More than three visible, quite long, and evenly distributed finger-like projections for patent fimbrial parts and the concave areas between finger-like projections were obvious (Figure 2 ). For the adhesive tubes, there were fewer finger-like projections that were flat and not evenly distributed, and there were no obvious concave areas between the finger-like projections (Figure 3) .
No patients required termination of the examination as a result of discomfort. Although slight vaginal bleeding was observed in all patients, no treatment strategies were needed. No serious side effects (eg, pain requiring analgesia, fever, shivering, syncope, cervical lacerations), 12, 20 inflammation, or other complications occurred.
The four patients with completely occluded fallopian tubes were advised to perform in vitro fertilization treatment, whereas the others underwent timed intercourse (n 5 4) or intrauterine insemination (n 5 47), which resulted in pregnancy to delivery in 6 patients (11.8%), miscarriage in 1 patient (2.0%), and biochemical pregnancy in 2 patients (3.9%) within 3 months (Figure 1 ).
Discussion
As an important part of the female reproductive tract, the fallopian tube exerts vital physiological functions in picking up ovum, capacitation, fertilization, transportation of oosperm, and the survival and development of early embryo. Any damage affecting the anatomical structure of the fallopian tube, such as salpingitis, adenomyosis, and surgical changes, may cause tubal adhesions, tortuosity and occlusion, resulting in infertility. 21, 22 Therefore, the tubal patency serves as the first examination step to help diagnose the causes of infertility and lay the ground for further clinical treatment. In this study, we firstly used the 3D HyCoSy with normal saline injected into the pelvic cavity, which could not only observe the tubal patency by visualizing the spillage of contrast agents from the fimbriae, but also confirm the fimbrial adhesion by the finger-like projections of the fimbriae and their floating and moving status in infertile patients. As a result, bilateral tubal patency was observed in 44 of 55 patients (80%), and the unilateral partial occlusion, complete occlusion, or bilateral complete occlusion was observed in others (20%). This finding appears to be in accordance with the prevalence of tubal diseases in infertile women investigated by means of laparoscopy, 4, 6 indirectly demonstrating the sensitivity of our procedure.
During the 3D HyCoSy procedure, the ultrasound contrast agent passed slowly into the fallopian tube from the uterine horn and flowed steadily down the tube to the distal end to form a stable, detectable signal. The signals acquired within approximately 20 s were then reconstructed into a 3D image automatically, thus reducing both the effect of the tortuosity of the fallopian tube and the operator dependency. 10, 12 The commonly used contrast agent injected into the uterine cavity during 3D-HyCoSy was the second-generation contrast agent, SonoVue, a lipid-shelled ultrasound contrast agent consisting of millions of microbubbles filled with sulfur Note: Data are expressed as mean 6 SD or n (%). a Fimbrial parts were observed in 105 fallopian tubes as a result of bilateral tubal occlusion in one patient and unilateral occlusion in three patients. Adhesion to the pelvic cavity was present in three patients, and to the ovary and intestine in one patient. hexafluoride gas, because of the following features: (1) This generation of contrast agents receives a narrow band of harmonic signal under low acoustic pressure, avoiding the overlapping between the tissue and the contrast response; (2) the lipid microbubbles are stable when the mechanical index is low, suffer little destruction as a result of inertial cavitation and can be detected for a relatively long time. 13, 14 However, a recent study indicated that the interfacial tension (1.05 6 60.18 N/m versus 0.76 6 0.11 N/m) and dilatational viscosity (1.66 6 0.38 3 10 7 kg/s versus 6.56 6 1.01 3 10 8 kg/ s) estimated for albumin-shelled KangRun are larger than those of lipid-shelled SonoVue, which might lead to a higher inertial-cavitation threshold for KangRun. 23 Thus, we believe the KangRun contrast agent may be more stable and imaged for a much longer period than SonoVue under the same ultrasound parameters and concentrations.
In addition, it is reported that the fallopian tubes can be floated when much normal saline is instilled into the pelvic cavity, 17 which may help to clearly observe the fimbriae and accurately examine the fimbrial adhesion. Thus, at least 1000 mL of normal saline was injected into the pelvic cavity in our procedure, which was much more than that used in saline infusion sonography. 20 Consequently, our technique allowed for better visualization of the fimbriae and adhesion, which was a main strength of our novel technique. Moreover, 0.9% warm saline solution causes little irritation to the pelvic cavity and adverse reactions. Patients can be pregnant in the same month after the operation. Meanwhile, preoperative use of the atropine, gentamicin, dexamethasone, and lidocaine may prevent the tubal spasm, 13 infection, inflammatory-related complications, and pain that can occur in HSG and saline infusion sonography. 20 Therefore, our technique may also be safe and acceptable by patients.
In conclusion, our study provides a feasible and safe alternative to assess tubal patency and adhesions of the fimbrial parts for infertile women who do not want to undergo laparoscopy or HSG and have no contraindication for our technique. However, this was only a preliminary study and there are some limitations: Because laparoscopy or HSG was not performed in included patients in this study, the sensitivity, specificity, and accuracy of our procedure have not been confirmed. In addition, the qualitative and quantitative analysis of the fimbrial parts, the grading of the morphology, and adhesions of the fimbrial parts remain to be further studied. The influence of the fimbrial morphology on the pregnancy outcome is also necessary to be confirmed by designing a comparative study with a larger sample size, as a similar cumulative pregnancy rate (14.9%) was achieved in our study in comparison with previous reports evaluated by laparoscopy or HSG, 24 but a previous study indicated that intraoperative hydrotubation might improve the postoperative intrauterine pregnancy rate. 25 
